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Transit-oriented development (TOD) is a strategic
approach that aims to enhance public transportation
usage and promote sustainable urban growth by creat-
ing mixed-use, compact communities centered around
high-quality public transportation hubs, such as train sta-
tions, bus terminals, and transit stops. TODs also seek to
attract businesses and boost property values, leading to
increased job opportunities, tax revenue, and overall eco-
nomic vibrancy. TOD networks consist of interconnected
TOD communities linked by a robust public transporta-
tion system, enabling easy travel between them without
relying on automobiles. TOD networks are a crucial ele-
ment of sustainable urban planning.

The focus of rail transit development shifted to develop-
ing regions, especially in Asia, including China, India,
Thailand, and Indonesia, where the TOD concept gained
traction. Many expanding TOD networks leverage rising
property values near transit stations to recapture previous
investments and promote sustainable rail transit develop-
ment. However, TOD implementation varies within cities
due to differences in infrastructure, land use, accessibil-
ity, development stages, and local government policies.
This diversity complicates evaluating these factors and
making detailed development plans for each TOD. Some
researchers advocate for prioritizing development to ex-
pedite profit generation by concentrating limited resourc-
es on the most critical projects, minimizing resource dis-
persion, and maximizing immediate benefits.
Recognizing the importance of identifying priority TOD
stations, there is a notable gap in comprehensive and
systematic research on achieving this goal. This study
introduces a multi-perspective methodology for identify-

ing priority TOD stations in cities with expanding TOD
networks. The methodology encompasses three key per-
spectives: balanced development of transit and activity
intensity, efficiency in activity development, and the level
of livability within TOD areas.

The methodology was applied to Hefei City, a mid-sized
Chinese city with a growing TOD network, as a case
study. The findings from this case study were utilized to
evaluate and enhance the methodology’s applicability to
other cities.

This thesis is divided into five chapters. As an introduc-
tion, Chapter 1 presents the context, goal, and organiza-
tion of the thesis, as well as the scientific basis and theo-
retical framework of this research.

Chapter 2 identified priority TODs by evaluating the
balanced development of transit accessibility and activi-
ty intensity. Hefei, the capital of Anhui Province in Chi-
na, has experienced rapid growth since 2010, driven by
population expansion and urbanization. To address the
challenges of traffic congestion and environmental pollu-
tion, the Hefei government introduced the TOD concept
in 2017, alongside the launch of its subway system. By
2020, 77 TOD projects had been implemented. Howev-
er, some TODs have struggled to attract transit ridership
and boost economic activity. This study evaluates the He-
fei City TOD network, aiming to identify priority TODs
for further development and optimize resource alloca-
tion. The node-place model was employed to measure
accessibility and activity intensity at each TOD. Subse-
quently, the 77 TODs were categorized into four priority
levels using the silhouette method. Level 1 and level 2
TODs, referred to as “Unstable TODs” and “Unbalanced
TODs,” respectively, were identified as having the most
urgent development needs. The study recommends ad-
dressing the specific challenges that hold back optimal
performance by involving targeted interventions to en-
hance accessibility and elevate activity intensity in these
priority TODs.

Chapter 3 identified priority TODs by evaluating the in-
terdependency of accessibility and activities. TODs foster
a mutually beneficial relationship between accessibility
and urban land use (activities). However, not all TODs
achieve this combined effect, hindering their develop-
ment potential. This study investigates this relationship
by applying the SBM model and the super-efficiency
SBM model to TODs in Hefei City. The findings reveal
TODs where activities and accessibility are not mutually
reinforcing, indicating areas requiring prioritization in fu-



ture planning. Two types of priority TODs emerged from
the analysis: “Undersupplied TODs” and “Underdevel-
oped TODs.” This methodology proposes the ranking of
TODs based on their efficiency in achieving this interac-
tion. This prioritization can aid urban planners in prompt-
ly identifying weak TODs within the network.

Chapter 4 identified priority TODs by evaluating livabili-
ty conditions at TODs. Enhancing livability is an integral
aspect of TOD development. This chapter assesses the
livability of TODs in Hefei City by evaluating whether the
daily needs of residents of all ages are adequately met
within existing TODs. The study identifies TODs requir-
ing further development and proposes strategies to en-
sure equal access to resources for residents across dif-
ferent TODs. Hefei City, as a representative second-tier
Chinese city implementing TODs, serves as the case
study. The findings indicate that only a small proportion
of TOD residents have convenient access to elderly care
facilities. Livability is generally higher in well-developed
areas, such as new and old city centers and transporta-
tion hubs. This chapter proposes strategies to foster a
more equitable distribution of resources and amenities
for residents in various TOD scenarios.

The research’s multi-perspective framework for prior-
itizing Transit-Oriented Developments (TODs) was dis-
cussed in Chapter 5, along with a summary of the study’s
conclusions. The integration of transportation accessibil-
ity and activity intensity of TODs, the effectiveness of the
dynamic interaction between accessibility and economic
activities, and the livability of TODs as a measure of the
quality of life for residents are evaluated by this multi-per-
spective framework for selecting priority TODs.

MGRENES

This multi-perspective framework contributes to the sci-
entific knowledge of the efficient development of TOD
networks and aids planners and policymakers in concen-
trating resources on critical projects, minimizing disper-
sion, and maximizing immediate benefits. Therefore, this
thesis is recognized as worthy of a doctoral degree in
engineering.
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Masonry is anisotropic, heterogeneous, and non-linear
composite structure that is widely used in rural areas
and developing countries. Historical masonry buildings
were not built in compliance with building codes; there-
fore, these buildings are in danger being damaged by an
earthquake. The main goal of seismic strengthening un-
reinforced masonry (URM) buildings is to increase the
structure’s performance during earthquakes. The choice
of reinforcement technique depends on the mechanical
behavior of the building, the qualities of the materials
utilized, and the direction of loading. In the case of his-
torical buildings minimum reinforcement and reversible
reinforcement techniques that do not impair the histori-
cal value of the building are required.

The retrofitting of unreinforced brick masonry is nec-
essary to prevent damage to masonry buildings dur-
ing earthquakes. This study focuses on examining a
strengthening technique using timber and steel plates
for Nepalese historical brick masonry, and RC wall and
steel plates for retrofitting of Japanese historical brick
masonry to enhance the structural performance under
forces. The proposed technique was examined through
a series of experiments. Firstly, experiments to obtain
detailed mechanical characteristics of Nepalese and Jap-
anese historical brick masonry were conducted. Further,



proposed strengthening techniques were also studied.
Lastly, the experimental results are used to simulate the
behavior and validate the effectiveness of the techniques
through numerical macro modeling approaches.

This dissertation consists of nine chapters. The contents
of each chapter are as follows.

Chapter 1 provides a brief introduction to the background
of the research, and the aims and objectives of this study.
It also provides the flow chart of chapters in this disser-
tation.

Chapter 2 provides a literature review. The following
main topics are described. (1) Major earthquakes around
the world and in Nepal. (2) Types of building structures
of Nepal and the common failure types during the 2015
Gorkha earthquake. (3) Methods for investigating me-
chanical characteristics of masonry building materials.
(4) Common failure modes of brick masonry structures.
(5) Strengthening methods for brick masonry buildings.
(6) Numerical modeling approaches for simulating ma-
sonry structures.

Chapter 3 describes the mechanical properties of Nepa-
lese historical brick masonry elements and assemblag-
es investigated through an experimental program. Ex-
perimental results on the mechanical characteristics of
Nepalese historical masonry show that despite the large
standard deviations of compressive strength of constitu-
ent materials (unit bricks and mud mortar), the standard
deviation of compressive strength of masonry prisms
was low.

Chapter 4 describes the tests and procedures adopted
to investigate shear strength, shear deformation capaci-
ty, and flexural behavior of the URM walls comprised in
Nepalese historical masonry buildings. Retrofitting of
Nepalese masonry walls shows that timber reinforced
masonry and steel reinforced masonry increased the av-
erage shear strength by about 2 and 3 fold respectively,
compared to unreinforced specimens. Flexural strength
increased significantly in ladder and braced type timber
reinforced specimens compared to unreinforced speci-
mens.

Chapter 5 presents a macro modeling method for stud-
ying the Nepalese historical brick masonry walls. Nu-
merical analysis on three-point bending of test specimen
models of Nepalese historical brick masonry shows that
the apparent Young’s modulus of brick masonry changes
depending on the angle of compression struts generated
inside the brick masonry, and that if the tensile stress
generated in reinforced brick masonry exceeds the ten-

sile strength, its structural behavior can be explained by
modeling with slits on the tension side.

Chapter 6 presents the effectiveness of reinforcement
with RC walls and steel plates on structural behavior and
failure modes of Japanese historical masonry walls. Ret-
rofitting of Japanese historical masonry with RC walls
and steel plates shows that RC reinforcement has high-
er strength, rigidity, and deformation capacity than steel
plate reinforcement. In addition, the anchors that pene-
trate through the masonry could resist the splitting of
specimens, and promote integration, and hence higher
reinforcement effect could be anticipated.

Chapter 7 presents reinforcement methods for maintain-
ing the first and third headquarters of Kyushu Univer-
sity. Horizontal loading test of Japanese historical brick
masonry shows that the maximum load of specimens
reinforced with RC walls was about 6 times (one side re-
inforcement) or 12-14 times (both sides reinforcement)
higher than that of unreinforced specimens. In addition,
this series of experiments also examined the appropriate
amount of anchors and the torsion of the wall when re-
inforcing one side, providing significant insights for the
reinforcing methods.

Chapter 8 presents a macro modeling method for stud-
ying the Japanese historical brick masonry (i.e. Kyushu
University first and third headquarters). Numerical
analysis of Japanese historical brick masonry on diago-
nal compression test and horizontal loading test models
shows that the average Poisson’s ratio with respect to
the diagonal length of the specimen gave closer analyti-
cal results to the experimental results. In addition, these
analyses show that the results of diagonal compression
experiments are affected by the fact that more stress acts
near the center of the cross-section, compared to test
specimens for horizontal loading where stress is applied
to the entire cross-section.

Chapter 9 discusses the main outcomes and conclusions
of this study and the recommendations for future re-
search.
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